ABSTRACT: Fluctuations in regional precipitation and in base-level (the level of Lake Titicaca) trigger changes in fluvial erosion and deposition in the largest tributary valley of Lake Titicaca, the Rio Ramis, Peru. Relationships between fluvial sedimentation and terrace formation demonstrate that large-scale aggradational and downcutting events are associated with specific regional climatic events that have been previously documented in the Lake Titicaca basin and elsewhere on the Altiplano. Five laterally extensive terrace tracts (A through E) are present within the valley. Downcutting of the Ramis valley is correlative with base-level (Lake Titicaca level) fall caused by a decrease in precipitation. Aggradation is correlative with base-level rise during increasing precipitation. Sedimentary facies underlying the terraces record deposition in a large paleolake followed by deposition of both meandering and braided fluvial sediments. The highest terrace in the valley-E-is underlain by a thick sequence of lacustrine strata that was deposited during an extremely wet period in the Lake Titicaca region that terminated at about 40,000 cal yr BP. These lacustrine strata were subsequently downcut, likely at a time of large drop in lake-level, resulting in a deeply incised valley. The main phase of fluvial aggradation in the valley (sediments underlying the D through B terraces) was slow, spanning about 25,000 years. It occurred before, during, and after the Last Glacial Maximum (from before 35,140 ؎ 790 cal yr BP until about 10,421 ؎ 181 cal yr BP), a time period that was mostly characterized in the Lake Titicaca basin by high precipitation rates and high base-levels. The aggradation resulted in almost 40 m of sediment accumulation in the valley and was followed by rapid (about 2,000 years), but episodic, incision into the underlying fluvial sediments to form the C and B terraces, as well as the erosional surface beneath the modern fill terrace (A). This erosional phase corresponded to several periods of local base-level (Lake Titicaca) lowering between 10,241 ؎ 181 and 1,668 ؎ 76 cal yr BP. The modern fill terrace has aggraded about 2 m above modern river level, likely within the last 1,500 years.
INTRODUCTION
The presence of high-commonly Ͼ 25 m above modern river levelfluvial terraces in most of the tributaries to the Lake Titicaca (LT) basin indicates that landscape evolution in these watersheds is controlled primarily by fluvial processes. Because riparian resources formed the basis for the subsistence economy of the early inhabitants of the basin (Aldenderfer 1989 (Aldenderfer , 1998 , and for many of the present-day inhabitants as well, understanding the fluvial history of these watersheds is particularly important.
From the perspective of process sedimentology, the study of this highaltitude, semiarid, monsoon-dominated watershed leads to important new insights into the geomorphic and sedimentary responses of a major river system to climate change and other forcings. Whereas the magnitude and duration of climate change that creates preserved changes in a fluvial system is often unclear (Vandenberghe and Maddy 2001) , this study demonstrates the formation of terraces by aggradation and incision triggered by precipitation-forced base-level fluctuation. This study particularly benefits from the unusually well known late Quaternary history of climate and baselevel in the Lake Titicaca watershed.
The most important variable in the fluvial history of the Ramis valley appears to have been climate-triggered base-level change. Most workers agree that climate is important in the evolution of fluvial systems (Porter et al. 1992; Bridgland 2000; Schulte 2002 ; and many others), and it is generally accepted that major changes in the fluvial environment occur during times of climatic transition (e.g., Knox 1972; Rose and Boardman 1983; Bull 1991; Vandenberghe 1995; Bridgland 2000; Reneau 2000) . Previous studies in the Altiplano region of South America documented basinscale climatic cycles of decadal to centennial to orbital timescales (e.g., Melice and Roucou 1998; Thompson et al. 1998; Baker et al. 2001a; Baker et al. 2001b ) and their effects on Altiplano fluvial and lacustrine systems (e.g., Baucom and Rigsby 1999; Rigsby et al. 2003 ). Here we systematically examine the relationships among the histories of precipitation, baselevel, and fluvial aggradation versus incision in the Rio Ramis valley. We suggest that large-scale aggradational and downcutting events are associated with specific regional climatic episodes, specifically, that wetter periods (times of higher precipitation and increasing lake-level) correspond to aggradational events and drier periods (times of lower precipitation and falling lake-level) correspond to downcutting events.
BACKGROUND AND SETTING
In general, antecedent topography, lithologic variations (e.g., grain size), vegetative cover, and base-level exert primary control on the geomorphology and sedimentology of fluvial landscapes (Schumm 1993; Fuller et al. 1998; Maddy et al. 2001; Jain and Tandon 2003) . In turn, large-scale processes such as tectonics and climate control these variables (Bridgland 2000; Nott et al. 2002; Starkel 2003; Vandenberghe 2003) . The likelihood that neither active volcanism nor significant alterations in vegetative cover (both of which could significantly alter sediment loads) greatly impacted this part of the Titicaca watershed during the Holocene (Rigsby et al. 2003) simplifies the task of deducing the causes of landscape evolution in the Ramis valley. The youngest macroscopic ash found in Lake Titicaca cores dates at 27,000 cal yr BP (Baker et al. 2001b) , and there are no Quaternary volcanic centers in the watershed (Newell 1946) . Likewise, pollen studies from Lake Titicaca cores, and from cores to the north, indicate that by about 13,700 cal yr BP, near-modern vegetation was established in the watershed and subsequent changes during the Holocene were relatively minor (Hansen et al. 1984; Paduano et al. 2003) . Thus, it is unlikely that sediment cohesion was greatly affected by vegetation changes. Furthermore, there is no field evidence of active tectonics in the watershed, and the Holocene tectonic history of the Altiplano region appears to have been benign enough (Clapperton 1993; Bills et al. 1994 ) that responses of the Ramis valley to tectonic deformation are restricted to the addition of sediment load from the erosion of preexisting topographic highs or the confinement of the channel due to antecedent bedrock constrictions.
In this cold, semiarid, high-altitude region, changes in precipitation and base-level seem likely to dominate the forcing of fluvial and geomorphic processes. Variability of effective moisture (P-E) is recorded by changes in river discharge and changes in LT water levels (e.g., Abbott et al. 1997; Seltzer et al. 1998; Baker et al. 2001b) . Such changes are generally recorded in river valleys by the formation of terraces, caused by either downcutting or aggradation. Rivers such as the Rio Ramis, which discharge directly into lacustrine basins, respond immediately to changing base (lake) levels and record their response to those changes by aggradation or down- Allmendinger et al. 1997) . The location of the Lake Titicaca basin is outlined and enlarged to show the lake's two subbasins (Lago Grande and Lago Huinamarca), the major tributaries to the lake, the Rio Desaguadero, and the Rio Ramis study area in southwestern Peru. cutting in the river valley. The result is the formation of traceable and datable terrace tracts. We are at a great advantage studying the fluvial response to climate history and base-level in this region, relative to many other fluvial geomorphic studies, because we know the detailed late Quaternary history of both climate (especially effective moisture) and baselevel (the level of Lake Titicaca) from previously published paleoclimatic research on the Lake Titicaca watershed.
Geologic Setting
The Rio Ramis is the largest tributary to LT in the northern Altiplano. The Altiplano is part of the Central Andes plateau, which consists of two provinces-the Altiplano to the north and the Puna to the south (Allmendinger et al. 1997 ). The Titicaca basin ( Fig. 1) lies within the northern portion of the Altiplano, straddling the Bolivia-Peru international boundary, and is bordered by the Cordilleras Vilcanota and Carabaya to the north, the Cordillera Oriental (including the Cordilleras Aricoma, Apolobamba, and Real) to the east, and the Cordillera Occidental, the active volcanic arc, to the west. The surface of LT is approximately 3,810 m above sea level. The lake, which is subdivided into two main basins (Lago Grande in the north and Lago Huinaimarca in the south), is about 175 km long by 50 km wide (Wirrmann 1992) . The modern lake is a nearly closed basin that loses most of its water (91%) by evaporation (Roche et al. 1992 ). The remainder is discharged southward via the Rio Desaguadero, which flows to the shallow, saline Lago Poopo. Below Lago Poopo is the large saltpan, the Salar de Uyuni.
The lake's catchment area spans the region from 14Њ09Ј06Љ to 17Њ08Ј29Љ south latitude and 68Њ03Ј34Љ to 71Њ01Ј42Љ west longitude (Wirrmann 1992) . The drainage network contributing to the LT basin contains six major rivers: Rio Ramis, Rio Ilave, Rio Coata, Rio Catari, Rio Huancane, and Rio Suchez (Fig. 1) . Of the six rivers, the Rio Ramis accounts for the most discharge, with a monthly average of 160 m 3 s -1 (data from Servicio Nacional de Meteorología e Hidrología del Perú). The river drains snowfields in the Cordillera Occidental from elevations up to 6000 m and has a main watercourse that is 283 km long.
Climatic Setting
The modern Altiplano has a high-altitude semiarid climate, with mean annual temperatures between 7 and 10ЊC (Roche et al. 1992 ) and puna (grassland or shrubland) vegetation (Paduano et al. 2003) . Average annual precipitation in the LT watershed is about 800 mm; about three-quarters of this takes place in the December-January-February wet season (Roche et al. 1992) . During these austral summer months, an upper-troposphere anticyclone, the Bolivian High, forms over the Altiplano, causing low-level easterly winds to strengthen and precipitation to increase on the Altiplano (Lenters and Cook 1997; Garreaud et al. 2003) , part of the South American summer monsoon (SASM; Zhou and Lau 1998) . Interannual to decadal variability of precipitation on the Altiplano, caused by variability in the intensity of the SASM, has been ascribed to various external controls including ENSO (Aceituno and Montecinos 1993; Vuille et al. 2000; Garreaud et al. 2003) and tropical Atlantic variability (Baker et al. 2001a; Baker et al. 2001b ). On longer (orbital) timescales, it has been suggested that variability of Altiplano precipitation is tied to SASM intensity (Baker et al. 2001a; Baker et al. 2001b) , Pacific sea-surface temperatures (Bradley et al. 2003) , or the variability of tropical Atlantic sea-surface temperature gradients (Baker et al. 2001a; Baker et al. 2001b) .
Modern instrumental records demonstrate that fluvial discharge in the Titicaca basin responds rapidly to the summer precipitation peak and that lake-level rises rapidly in response to the seasonal discharge peaks (Fig.  2) . The 10-year interval shown in Figure 2 illustrates the relationship between Ramis discharge, Juliaca (just south of the Ramis valley) precipitation, and the level of Lake Titicaca. An increase in rainfall on the Altiplano results in increased discharge to the lake from the Ramis and in increased lake-level. During the subsequent dry season, a gradual decline in lakelevel is attributed to decreased riverine input and continual high rates of evaporation. The El Niño event of 1982-1983, for example, witnessed very low precipitation, little river discharge, and a large drop in lake-level. The lake highstand (about 4 m above the long-term average) resulted from successive wetter than average years including 1986, which corresponded with a well-developed La Niña event.
Annual and decadal lake-level fluctuations are also related to changing precipitation on the Altiplano. Paleoclimatic records, including lake-level histories from LT (Roche et al. 1992; Abbott et al. 1997; Baker et al. 2001b ) and the Salar de Uyuni (Baker et al. 2001a) , ice cores from the nearby mountain glaciers of Sajama (Thompson et al. 1998) , Illimani (Hoffmann et al. 2003) , and Quelccaya (Thompson et al. 1986; Melice and Roucou 1998) , and fluvial histories of the Rio Ilave (Rigsby et al. 2003) and Rio Desaguadero (Baucom and Rigsby 1999) valleys, demonstrate that precipitation variability affected lake level and fluvial discharge on much longer timescales as well. Sediment cores from LT (Baker et al. 2001b) FIG. 2.-Lake-level change, Ramis discharge, and precipitation (from Juliaca). Lake Titicaca level has been recorded in Puno, Peru, since 1914. Interannual wet and dry periods are also recorded. All data are from Servicio Nacional de Meteorología e Hidrología del Perú (SENAMHI). and the Salar de Uyuni (Baker et al. 2001a ) record changes in effective moisture on multi-centennial to orbital timescales that are apparently correlative to changes in tropical Atlantic sea-surface temperature gradients (Baker et al. 2001a; Baker et al. 2001b) . Similarly, data from the Quelccaya ice core suggests that decadal wet periods correspond to higher levels of LT and to decadal variability in tropical Atlantic sea-surface temperatures (Melice and Roucou 1998) . In the Rio Desaguadero and Ilave valleys, the multicentennial-to orbital-scale fluctuations between wet and dry episodes are recorded by changing fluvial and lacustrine landscapes (Baucom and Rigsby 1999; Rigsby et al. 2003) .
All of these studies document basin-wide correlative changes during extreme wet and dry events on the Altiplano. LT was much higher and large paleolakes existed on the central Altiplano during the last glacial maximum (LGM). A drill core from the Salar de Uyuni (Baker et al. 2001a; Fritz et al. 2004) documents three major paleolake phases-Coipasa, Tauca, and Minchin, with ages of 11,500-13,400 cal yr BP, 16,000-25,000 cal yr BP, and 36,000-46,000 cal yr BP, respectively (Fritz et al. 2004 ). These central Altiplano highstands also correspond to high lake-levels in LT (Baker et al. 2001b ) and depleted ␦ 18 O ice values in the Sajama and Illimani ice cores (Thompson et al. 1998; Hoffmann et al. 2003) . At these times of higher precipitation, sediments of the Rio Desaguadero valley document an overflowing LT and widespread lacustrine sedimentation (Baucom and Rigsby 1999; Rollins 2001; Warren 2002) . In addition, much of the sedimentation and formation of depositional terraces in the Rio Ilave valley may also have taken place during these intervals of high precipitation (Rigsby et al. 2003) .
Morphology of the Modern Rio Ramis
The longitudinal profile of the Rio Ramis valley drops about 20 m in elevation over about 60 km distance (Fig. 3) . The gradient gently decreases downstream. Locally, the profile varies between bedrock constrictions, commonly flattening upstream of constrictions and steepening rapidly within the constrictions. Figure 3 illustrates that the presence and absence of these topographic highs near the modern river is controlled by the occurrence of Devonian bedrock strata (the Cabanillas Formation). Transitions in river systems are commonly caused by increased sediment supply and changes in channel gradient (Leopold and Wolman 1957; Schumm and Khan 1972; Smith and Smith 1984) . Typically, the gradient in the Ramis valley is about 0.00047. The slope between the Paccha Baja and Lulicunca constrictions is gentle and has a value of 0.00025. The slope steepens to about 0.000374 between the Lulicunca and San Sebastian bedrock constrictions because the constrictions are close together (Fig. 3) . It is evident that both the longitudinal profile and the fluvial planform are related to proximity to constrictions. Upstream, where the valley slope is higher, the fluvial sediments are coarser-grained, typically either braided-river sediments or coarse-grained meandering-river sediment. Downstream of the constrictions, the profile flattens again and the river transitions to dominantly finergrained meandering-river planforms and sediment types.
Overall, the modern Rio Ramis valley is transitional between a meandering and braided fluvial system. Although the sinuosity index (2.0 from Puyutira to Cacochico, 1.6 from Cacochico to the confluence with the Rio Azangaro, and 1.6 between this confluence and the lake) reflects the dominant meandering planform, multi-channel reaches are also evident in several locations (Fig. 4A) . In general, the valley is most constricted to the north of Puyutira and, although it has a meandering planform in this region, it lacks wide terraces ( Fig. 4B ), oxbow lakes, and wetlands. The central reach of the river valley in the study area has a typical meandering channel pattern with wide terraced surfaces (Fig. 4C) , abundant oxbow lakes, and floodplain wetlands. Below the confluence with the Rio Azangaro, sediment load increases, the valley is less constricted, the gradient decreases (Fig.  3) , and the river develops a multi-channel planform (Fig. 4A) . Within the valley, differences in channel type correspond to differences in topography and sediment load. Where bedrock constrictions occur adjacent to the main channel (Figs. 3, 4D ), coarse-grained material is transported downstream and piled up behind subsequent bedrock constrictions. In addition, where abundant alluvium is being supplied to the river from adjacent topographic highs-at Pucara, for example-braiding occurs downstream of the high.
METHODOLOGY
Our interpretation of fluvial sequences in the Ramis valley is based on detailed field analysis of the sedimentology and geomorphology of the valley. Terraces and modern cutbank exposures were surveyed, using a GPS (error Ϯ 5 m) and a total station, to create the longitudinal profile (Fig. 3) and seventeen river-perpendicular profiles. Analysis of these profiles allowed terrace classification and a determination of the sequence of terrace formation. Sediments beneath the terrace surfaces were measured and described using standard sedimentological methods of facies analysis to generate fifteen stratigraphic sections (Fig. 3) . The focus of these descriptions was on lateral and vertical facies changes as indicated by variations in grain size, sedimentary structures, bedding morphology, and the nature of stratal contacts. From these data, we were able to differentiate between major fluvial depositional environments preserved in the terrace sediments, to identify smaller-scale environments (such as channel, point-bar, crevasse splay, wetland, and floodplain) in some locations, and to reconstruct the depositional history of the river valley. Small amounts of datable material, such as roots and soil carbonate, are present in the slightly sandy fine-grained lithofacies. Samples were submitted for AMS radiocarbon analysis to the National Ocean Sciences Accelerated Mass Spectrometer (NOSAMS) Facility, Woods Hole Oceanographic Institution. The resulting 14 C dates were converted to calendar years before present (cal yr BP) using Calib version 4.2 (Stuiver et al. 1998 ) for dates Ͻ 20,000 14 C years and CalPal: The Köln Radiocarbon Calibration and Paleoclimate Research Package (Weninger et al. 2002) for dates Ͼ 20,000 14 C ( Table 1 ). The dates used in the text are the 2-sigma calibrated ages.
Because of the dynamic nature of fluvial systems, we realize the limitations of relying on 14 C dates on sediments and paleosols for terrace correlations. Nevertheless, as in similar studies of this type, the use of such dates is valid, if done carefully. The terraces in the Ramis valley occur as extensive, visually traceable surfaces throughout the valley (Fig. 5 ). Our interpretations of the terraces (and our use of the radiocarbon dates for those interpretations) are based upon the physical correlation of key visually traceable terrace and stratal surfaces. In several locations, especially where physical correlations are unavailable, it is possible that dated samples reflect reworked fluvial material from remnant terraces within the valley. This is taken into consideration when using the dates to relate sedimentologic and geomorphic changes to LT climatic base-level fluctuations.
SEDIMENTOLOGY
The terraced strata of the Rio Ramis valley contain 13 distinct lithofacies (Table 2) , grouped into three facies associations (FA) that record deposition in meandering-river (FA1), braided-river (FA2), and lacustrine (FA3) en-
The modern Rio Ramis valley exhibits both braided and meandering morphologies. Vegetated islands, typical of multi-channel flow, as well as point-bar deposits, typical of meandering systems, are present. Within both braided and meandering morphologies, valley width affects terrace morphology. B) North of the Puyutira measured section (Fig. 3) , for example, the valley is constrained by mountains, terrace formation is limited, and only the A through C surfaces are evident. C) In the central reach of the study area, the valley widens and terraces form vast, high surfaces. D) Locally, outcropping Devonian shale and quartzite form bedrock constrictions through which the river channel is narrow and terraces are poorly developed.
vironments (Fig. 6 , Table 3 ). Specific sediment types and sedimentary structures characterize each lithofacies, and distinct assemblages and vertical sequences of lithofacies characterize each facies association (Table 3 , Fig. 6 ).
Both the meandering-river and braided-river facies associations are characterized by fining-upward sequences (Fig. 6 ). The meandering-river strata (FA1) contain meter-thick, fine-grained units and well-developed, laterally discontinuous, fining-upward sequences (Fig. 7A ). The braided-river strata (FA2) are coarser and have less well-developed, laterally continuous, fining-upward sequences (Fig. 7B ). The lacustrine strata (FA3) comprise locally fossiliferous, thinly laminated silt and clay deposits that unconformably underlie the fluvial strata.
Although both the meandering-river and braided-river deposits preserved in the terraced strata of the Rio Ramis valley have modern analogs in the adjacent river valleys (allowing convenient, detailed comparisons), some uncertainty exists in the distinction between braided and meandering endmember fluvial types. This is the result of the complexity of both the modern and the ancient fluvial systems and suggests that, although both braided-river and meandering-river strata are preserved in the Rio Ramis sequences, at least some of the lithofacies described here may be the product of non-end-member systems. Indeed, the modern Rio Ramis valley exhibits transitional reaches characterized by well developed braid bars in tightly meandering reaches. The scarcity of geomorphically distinct lateralaccretion deposits also makes the definitive identification of meandering systems difficult. Point-bar deposits are rare in the modern river system as well-even in clearly meandering reaches that contain no braid bars, most point-bars are small and poorly developed. Such complexities are common in arid-region river systems. Within the obvious and common limitations associated with such complexity, we are confident in our interpretations.
Meandering-River Systems (FA1)
Meandering-river deposits constitute the most abundant strata in the Rio Ramis valley. They are present in all reaches of the river valley, except Pucara, and contain sediments of both coarse-and fine-grained lithofacies (Table 3) . Vertically well-developed, laterally discontinuous, fining-upward stratigraphic sections of the meandering-river strata (Figs. 6A, 7A) contain cross-bedded gravel or sand at the base of sequences that fine upward to thick accumulations of silt and clay. These fining-upward sequences suggest sediment accumulation typical of meandering channel formation, point-bar migration, and floodplain accretion.
Description of Lithofacies.-Strata of the meandering-river facies associations in the Rio Ramis valley comprise well developed fining-upward sequences that typically overlie sharp, scoured basal contacts. Sand or grav- Samples are listed from youngest to oldest. Dates marked with * denote calibration using CalPal (Weninger et al. 2002) . All others calibrated using Calib (Stuiver et al. 1998 ).
el (Sp, Smg, Fsil, Gp, or Gt,) fines upward to ripple-bedded silt and fine sand (FsSr), then to meter-thick, locally laminated clay deposits (Fsmtm and FORl). Both coarse-and fine-grained sequences are present. Largescale planar and small-scale trough cross-bedded gravels (Gp and Gt) at the base of fining-upward units characterize coarse-grained sequences. Fine-grained sequences of this facies association typically have basal units of small-scale (Ͼ 1 m) planar cross-bedded (Sp; Fig. 8A ) to massive (Smg) sand, interbedded clay and sand (FSil), or ripple-bedded silt and sand (FsSr; Fig. 8B ). Both coarse-and fine-grained sequences are capped by massive (Fsmtm; Fig. 8C ) to laminated (FORl; Fig. 8D ) clay and silt. In this facies association, the large-scale planar cross-bedding (Gp and Sp) at the bases of coarse fining-upward sequences are typically from 10 cm to 1 m in amplitude and contain interbedded, decimeter-thick layers of sand and gravel. The Gp or Gt (Fig. 8E ) deposits typically fine upward to large-and/or small-scale Sp (Fig. 8A) , to FsSr (Fig. 8B) , and finally, to Fsmtm (Fig. 8C) and FORl (Fig. 8D) . In systems dominated by fine sediments, small-scale Sp generally begins the sequence, and the deposits are typically arranged as decimeter-thick packages. These cross-stratified units exhibit reactivation surfaces and locally contain angular, centimeter-size clay clasts. The small-scale Sp deposits fine upward to Smg, to FsSr, then to Fsmtm.
Locally, isolated meter-scale erosional scours (Se; Fig. 8C ) cut into the clay-to silt-size sediments. The scours are filled with both trough and planar cross-stratified medium to coarse sand deposits (St, Sp); laterally, the scours grade to units of silt and clay exhibiting soft-sediment deformation and clay containing centimeter-size lenses of medium to fine sand ripples. At the Colque measured section, up to boulder-size angular mud blocks (Fig. 8F ) composed of Fsmtm clay are present.
Paleosols (P) occur both at the top of and within ( Fig. 8G ) these finingupward sequences. They are typically formed in clay-to silt-size sediment and characteristically contain root material and disseminated organics. Locally, the pedogenic surfaces buried within sediment sequences display iron staining and gray-white calcium carbonate horizons, and, rarely, pisolites are present.
Interpretation.-A meandering river deposited these sediments. Evidence for this interpretation includes the presence of well-developed finingupward sequences, abundant ripple-bedded sand, and thick, laterally continuous clay to silt deposits cut by channelized erosional scours. Most of the strata in FA1 likely record the migration of point bars and the accumulation of floodplain silt and clay that is typical of meandering river systems. The finer-grained meander deposits occur where coarse material is absent, such as near channel banks where point-bar and floodplain strata dominate. As is common in other river valleys (Grams and Schmidt 2002) , the coarser-grained meander deposits occur where abundant coarse alluvium directly enters the system or when the river discharge is able to transport the coarse material.
Sets of trough cross-bedded gravel (Gt) at the bases of fining-upward sequences in the Ramis valley strata are similar to the migrating 3D dune forms described by Khadkikar (1999) in the Mahi River of western India. Small-scale sandy planar cross-stratification (Sp) and ripple-bedded silt to sand (FsSr) are point-bar deposits. The interlayered clay and sand deposits (FSil) record lateral-accretion of laminated fine-grained sands and silts on tops of the point-bars and in proximal floodplain regions during overbank flooding. Fine-grained and organic rich lithofacies, such as the massive, mottled silt (Fsmtm) and the horizontally laminated clay (FORl), commonly accumulate on the floodplain, typically by vertical accretion adjacent to the channel (Grams and Schmidt 2002) . Root mottling, abundant organic material, and local thin laminae record stabilization of the floodplain and development of floodplain ponds. The discrete, laterally discontinuous channel scours into laterally and vertically fine-grained sediments (Figs. 6C, 7A) argue for the meandering nature of the deposits. The large mud blocks within these deposits suggest that cohesive, fine-grained banks confined the channel of the paleo-Ramis, at least locally. Soil development at the top of outcrop sections is from modern weathering processes occurring erosional (e) cross-channel-bar deposits channel and bar deposits equilibrium periods erosion by new channel on the exposed terrace surfaces. Where paleosols occur within the sections, they may preserve paleosurfaces formed when vertical aggradation was slow (Daniels 2003) and the floodplain was stable (exposed to weathering) for prolonged intervals (Fang et al. 2003) .
Braided-River Systems (FA2)
Braided-river strata are common throughout the central reaches of the river valley, specifically in outcrops at the Pucara, Colque, Cacomayo, Nicasio, Salsapata, and Calapuja locations (Fig. 3) . In contrast to the welldeveloped fining-upward sequences in FA1, the braided systems are characterized by laterally continuous, but poorly developed, fining-upward sequences of large-scale planar and trough cross-bedded sand and gravel overlain by massive to mottled silt and clay (Fig. 7B) . They contain the coarsest deposits in the river valley (sandy matrix-supported pebble to small-cobble gravels), suggesting an abundance of gravel bedload in the river at the time of deposition, and generally indicate high or variable precipitation and runoff.
Description of Lithofacies.-Gravelly and sandy lithofacies dominate this facies association. Typically, the fining-upward sequences begin with planar or trough cross-bedded gravel (Gp, Gt) and sand (Sp, St) deposits and, less commonly, massive gravel (Gm) or sand (Smg) deposits. Overlying units fine upward to ripple-bedded sand and silt (FsSr), and finally, to massive mottled silt and clay (Fsmtm).
Trough cross-bedded gravel (Gt) and sand (St) are most abundant at the base of fining-upward sequences (Fig. 8E) . They occur within the sequences as flat-to shallowly concave-based, laterally continuous, meter-thick packets (Fig. 7B) . Small-and large-scale planar sand (Sp) and gravel (Gp) also appear at the bases of fining-upward sequences. Large-scale planar cross-bed sets are usually Ͼ 10 cm but no more than 1 m thick; smallscale planar cross-bedded sets are generally Ͻ 10 cm thick. Within each large-scale gravelly or sandy planar cross-bed (Gp or Sp) set, the beds consist of alternating layers (15-20 cm) of pebbles and sand. Where smallscale gravelly or sandy planar cross-bed (Gp or Sp) sets occur, they typically consist of multiple decimeter-thick packages (Fig. 8A) . The finingupward sequences may also begin with massive gravels (Gm) that contain angular centimeter-size clay clasts.
Massive very fine-to coarse-grained sand with interspersed pebbles (Smg; Fig. 7A ) and massive to mottled clay to silt (Fsmtm) overlie these deposits. The massive sand deposits vary in thickness from about 10 cm to 1 m. The clay to silt deposits are up to 1 m thick, typically red-brown, commonly contain disseminated root traces, and locally contain centimetersize silt and fine-to medium-grained sand lenses with lenticular ripple lamination and soft sediment deformation. These clays are rarely disturbed by soil-forming processes within stratigraphic sections. Paleosols (P; Fig.  8G ) in these strata are up to 1 m in thickness, weakly developed and ironstained, and typically contain calcareous layers.
Interpretation.-A braided river deposited this facies association. Generally, the coarse-grained laterally continuous, crudely developed fining-upward sequences of braided systems result from irregular discharge and the transport of gravelly and sandy bedload in a multi-channel system (Spaliviero 2003) . In the Ramis valley, FA2 deposits are typically found near areas of bedrock constriction or at river confluences, where sediment supply is abundant. However, the braided facies association is not restricted to these specific environments. Braided-stream sediments are also found in the Ramis valley wherever rapid channel Rigsby et al. (2003) attribute their formation to rapid deposition of sediments during flood conditions that are related to annual-and millennial-scale precipitation changes. Coarser components of the fining-upward sequences represent the active multi-channel tract; as the channels migrate and become inactive, the deposits fine upward. The small-scale planar cross-bedded lithofacies (Sp, Gp) and regular repetitions of trough cross-bedded sand and gravel (St, Gt) indicate the migration of dunes within braid channels (Siegenthaler and Huggenberger 1993) . Large-scale planar cross-beds may represent lateralaccretion within a pool of a braided channel. In an aggrading braided river, such deposits have high preservation potential (Siegenthaler and Huggenbeger 1993) .
The massive and mottled fine-grained deposits (Fsmtm) represent waning flow on bar tops and in interchannel areas of the braided river system, which receive sediment only during floods. However, deposits such as these may also be formed by deposition in abandoned channels (Bentham et al. 1993) . When waning flow occurs, channel reactivation controls renewed bar migration. When channel abandonment occurs, vegetation and soilforming processes stabilize and also disturb the sediments. The presence of paleosols (P) in stratigraphic sections of these braided-river deposits indicates subaerial exposure and local decrease or lack of sediment supply. They may have formed in a manner similar to those observed in the meandering systems.
Lacustrine Systems (FA3)
The lacustrine facies association is characterized by meter-thick accumulations of thinly laminated gray to blue-gray clay (FORml; Fig. 8H ).
FIG. 7.-Both meandering-river and braided-river systems are characterized by fining-upward sequences. A) Meandering-river sequences are typically arranged as welldeveloped in stratigraphic column but lack lateral continuity in outcrop. B) Braided-river sequences are typically arranged as crudely developed sequences in stratigraphic column, and display lateral continuity in outcrop.
The deposits are found at the Ccaluyo and Iquilo measured sections as well as in river-level outcrops near Pucara and in the Rio Iquilo tributary (Fig.  3) . In all locations, fluvial deposits directly overlie the lacustrine strata (Figs. 6C, 8H ). The fluvial and lacustrine strata are separated by a highrelief and laterally traceable erosional unconformity.
Description of Lithofacies.-The lacustrine FA is composed entirely of lithofacies FORml: thinly laminated to mottled, gastropod-and ostracodebearing blue-gray clay with abundant organic material. Whole and fragmented gastropods and ostracods are present as both discrete laminae and as isolated shells. The strata contain local root casts, and mudcracks are present near the tops of the deposits. The deeply scoured contact between the fluvial and lacustrine sediment is locally characterized by a rooted and iron-stained surface. The root casts extend at least 10 cm into the underlying clay and are deeply oxidized, but preserved in decimeter-thick, alternating layers of clay and silt.
Interpretation.-These strata were deposited by settling from suspension in a lacustrine environment. Evidence for this interpretation includes the laminated and fine-grained nature of the sediment as well as the abundance of fresh-water gastropod and ostracode fragments and the absence of coarse material. The lamination, lack of coarse material, and lack of large-scale sedimentary structures suggest a quiet-water, and possibly deepwater, environment. The densely rooted clay cap and associated mudcracks record a shallow-water transitional environment, suggesting that the lakelevel was falling before fluvial activity resulted in the deep erosion of the previously deposited lake strata.
TERRACE MORPHOLOGY
The fluvial and lacustrine strata just described are preserved beneath five distinct terrace tracts (A through E) that range in height from 1.7 to 52.7 m above the modern river level and are up to 4 km wide (Figs. 4C, 9) . The terraces generally decrease in height and increase in width downvalley. They are physically traceable throughout most of the study area but are influenced by their proximity to three prominent bedrock constrictions (Figs. 9, 10 ). Both the height and the extent of the terraces and the facies associations that comprise the terraced strata vary with proximity to the constrictions.
A through E
Description.-Terrace E, with a height about 50 m above river level, is present in the northern sites of Pucara, Colque, and Cacochico (Figs. 3, 9) . The E terrace surface is underlain by lacustrine strata that were deposited at least 40,170 Ϯ 430 cal yr BP (Table 1 ) and are separated from the fluvial sediments of terraces D through B by an unconformity surface. This unconformity crops out locally along the river valley (at Ccaluyo and Pucara 2) and forms a traceable surface in the Rio Iquilo tributary, along the Pucara profile line (Fig. 11) , from 40 m above and 4.5 km away from the modern river level in the terrace E level to low-flow river level at the Rio Iquilo-Rio Pucara confluence (Fig. 3) . Small, isolated remnants of fluvial strata are present immediately above the unconformity in some locations. Reworked woody material and clay from fluvial remnants yielded dates of 47,600 Ϯ 1,740 cal BP at Puyutira and 37,700 Ϯ600 at Iquilo A.
With heights ranging from 20 to 40 m above river level, the D terrace is present everywhere except Nicasio. This terrace typically occurs only on the east side of the modern river. The surface is often dissected and has an average width of 1,900 m, extending to the base of either terrace E or the alluvial fans at the base of nearby mountains. Sediments underlying the terrace consist of FA1 and FA2 fluvial deposits. Carbonate sediments and organic-rich sediments in this sequence are dated at 31,510 Ϯ510, and 21,970 Ϯ 500 cal yr BP (Table 1) . Both carbonates and organics in buried paleosols from Camaraja and Yucajache yield ages of 35,140 Ϯ 790, 18,497 Ϯ 549, 10,421 Ϯ 181, and 8,339 Ϯ 50 cal yr BP (Table 1, Fig.  12 ).
With a height of 14 m above modern river level, terrace C is typically the height of the cutbank surface at the locations of the measured sections. It is the widest and most extensive terrace in the river valley. It is physically traceable throughout the study area (Fig. 5) and has an average width of 2,100 m. North of Colque, it is typically narrow, but downstream (south) of Colque the terrace surface becomes very wide on the east side of the river (Fig. 9) . At all locations, chiefly FA1 meandering-river sediments underlie the C surface. Paleosols are common near the height of the C surface in continuous sections. At Salsapata, a paleosol between the C and B terrace heights records a date of 9,095 Ϯ 66 cal yr BP (Table 1) .
The B terrace surface, with a height of about 9 m and a width of about 400 m, is present in all profile lines except Nicasio. The B terrace formed from incision and is commonly separated from the other terraces by an oxbow lake or a cutoff meander (Fig. 4C) . Predominantly braided-river sediments of FA2 underlie the B surface; in several locations, the terrace height is marked in continuous sections by a paleosol.
Terrace A is present in all reaches of the river valley and has an average height of 2 m and an average width of 280 m. The terrace A sediments are meandering-river deposits and differ from deposits at the same height within continuous sequences on higher cutbank exposures. At Calapuja2 FIG. 8. -Typical lithofacies structures appear in both meandering-river and braided-river sequences. A) Planar cross-bedded sand (Sp), such as in this photograph, is typical of active channel environments in both meandering and braided systems. B) The meandering units commonly fine upward to ripple-bedded silt and sand deposits (FsSr) that are usually associated with tops of point-bars or proximal floodplain deposits. C) Distal-floodplain clay deposits (Fsmtm) or D) the thinly laminated clay of floodplain wetlands or oxbow lakes (FORl) may overlie these strata. E) The braided-river sequences commonly begin with trough cross-bedded gravel (Gt) and commonly fine upward to fine-grained bar-top deposits. In meandering-river systems, the fine-grained deposits are commonly cut by erosional scours (Se, photograph C). F) At Colque, mudblocks and boulder-size clay rip-ups composed of floodplain clay deposits are found adjacent to a channel scour. G) Paleosols (P) are also found in stratigraphic sections of both meandering-river and braided-river sediments. H) An unconformity surface below the fluvial sediments is traced from below the modern river level to the E terrace surface. This surface separates the fluvial sediments from the underlying lacustrine deposits. and Ccaluyo, sediments beneath terrace A yielded dates of 1,668 Ϯ 76 and 1,457 Ϯ 112 cal yr BP, respectively.
History of Terrace Development.-The E terrace was formed by dissection of underlying lacustrine strata that accumulated in the valley prior to the large-scale incision. The small remnants of fluvial strata that overlie the local unconformity surface are the deposits of the river system that incised the lacustrine strata. The E terrace surface is closer to the river in upstream stretches; downstream, the valley widens and the surface is farther away from the river and very dissected. The lacustrine strata beneath the E surface were downcut (Fig. 12) to at least the modern river level some time after 40,170 Ϯ 430 cal yr BP but before 35,140 Ϯ 790 cal yr BP (the oldest reliably dated fluvial strata in the A through D sequence; Table  1 ). The downcutting probably started before 37,700 Ϯ 600 cal yr BP-the age of the reworked clay in the fluvial strata at Iquilo A (Fig. 12) . The incision resulted in the rooted and iron-stained erosional surface between the terrace E lacustrine strata and the overlying (D through A) sequence of fluvial strata. This irregular unconformity surface marks at least 40 m of incision across the 10.1-km-wide valley that was previously occupied by an extensive freshwater lake (FA3). The braided-river and meanderingriver strata of the D-A terraced sequences were deposited in the valley created by this erosional event.
Erosional events of such a valley-wide scale, even when triggered by base-level lowering, are typically episodic (Schumm et al. 1987; Womack and Schumm 1977) . Erosion into cohesive clays (e.g., the lacustrine sediments in the Ramis valley) is typically fairly rapid (McFadden and McAuliffe 1997) , depending on the rate of base-level fall (Schumm 1993) . Because the unconformity surface is traceable throughout the Ramis valley, base-level fall must have been large and rapid, allowing the incision to propagate upstream.
The D terrace formed by valley aggradation. Dates from the Camaraja fill sequence suggest that the surface aggraded between 35,140 Ϯ 790 and 18,497 Ϯ 549 cal yr BP (Table 1) and possibly extended to 10,421 Ϯ 181 cal yr BP (Fig. 12) . The 35,140 Ϯ 790 and 18,497 Ϯ 549 cal yr BP dates are from paleosols in the stratigraphic sequence at Camaraja. Buried paleosols bound by pedogenically unaltered sediment imply slow aggradation (Daniels 2003) and record equilibrium periods during the stepwise deposition in the Ramis.
The sediments under the D terrace consist of both FA1 and FA2; however, this change in the fluvial system is not laterally consistent among the measured sections throughout the Ramis valley. Changes from meandering to braided or braided to meandering may reflect episodic erosion and aggradation occurring at the same time in different parts of the river valley (Vandenberge 1995) . In this case, longitudinal variability in the river valley, especially the presence of bedrock constrictions, is the likely cause of the lateral variability of facies associations. Preservation of such complex facies architecture may be the result of periods of rapid aggradation (Skelley et al. 2003) .
The sediments beneath the D depositional terrace were downcut to form the C and B terraces as well as the erosion surface beneath the A modern terrace (Fig. 12) . This sequence of events was initiated sometime after 10,421 cal yr BP (the age of the erosion surface at the top of D) and sometime before 1,668 Ϯ 76 cal yr BP (the oldest date from within the terrace A sediment sequence; Table 1 ). Paleosols present at or near the heights of the terraces imply periods of stasis in the downcutting. The 9,095 Ϯ 66 cal yr BP date of carbonate material in a paleosol in the C/B sediment sequence (Table 1 ) records one such time of soil development. However, the number of individual stabilization events and their precise timing is ambiguous. The presence of two poorly developed paleosols at the level of the C and B surfaces at Puyutira and Salsapata (Fig. 2) imply at least two separate downcutting events, separated by brief periods of soil formation followed by renewed incision to form the surface below the modern river level.
The modern depositional terrace A has accumulated in, at least, the past 1,497 Ϯ 112 cal yr BP (from a date in Ccaluyo fluvial sediments). It is distinguished as a depositional terrace because the underlying sediments onlap the D aggradational deposits (Fig. 12) . Aggradation of fine-grained sediments reflects modern overbank sedimentation in response to a dominantly meandering-type system.
Bedrock Constrictions
Three major bedrock constrictions are present in the study area (Figs. 3,  10 ). These constrictions, formed by large outcrops of Devonian shale and quartzite bedrock ( Fig. 3; Newell 1946) , influence the habit of the adjacent river terraces and sediments. In the areas of maximum constriction, terrace formation is rare. Only where the cross-river distance between topographic highs is large, as at Lulicunca (Fig. 3) , do terraces form in areas of maximum constriction. Immediately adjacent to constrictions (to the north and south), terraces are present but are narrower and less well developed than in nonconstricted reaches of the river valley (Fig. 9) .
Because bedrock constrictions restrain transport, sediments build up and terrace heights increase behind (upstream of) the constrictions. For example, although terrace heights generally decrease downstream, the heights of the terrace C, and, to a lesser extent, the B and D surfaces increase upstream of constrictions (Fig. 13) . Also, above the constrictions, coarser-grained meandering-stream or braided-stream facies associations are present (Fig.  14) . Downstream from the constrictions, the C surface decreases to less than or close to its height in the previous reach and, in most cases, the facies associations become finer grained (dominantly meandering). Also, during times of higher precipitation, more sediment is derived from topographic highs of this type (Pratt et al. 2002; Grams and Schmidt 2002) , adding to an already taxed sediment transport system. Because of decreased stream competence, the coarse sediment cannot be transported and is deposited upstream of the next constriction (Figs. 13, 14) .
FLUVIAL HISTORY AND RELATIONSHIP TO CLIMATE
We reconstruct the fluvial history of the Ramis valley on the basis of sedimentologic and geomorphic field data, along with radiocarbon dates. Ultimately, changes in fluvial landscapes depend partly on the magnitude, rate, duration, and direction of base-level changes (Schumm 1993) , which are commonly controlled by climatic variations (Ritter et al. 1995) . Because LT is base-level for the Rio Ramis, changes in LT water level have a significant influence on aggradation and incision in the river valley. As discussed earlier and illustrated in Figure 2 , changes in lake-level are controlled largely by fluctuations in precipitation.
Studies of sediment cores from LT have yielded long-term records of changes in Ramis base-level (lake-level) and regional precipitation (Baker et al. 2001b; Baker et al. unpublished data) . Contemporaneous lacustrine strata in the Salar de Uyuni (Baker et al. 2001a; Fritz et al. 2004 ) and the Rio Desaguadero valley (Baucom and Rigsby 1999; Rollins 2001; Warren 2002) , combined with the record from the Sajama, Huascaran, and Illimani ice cores (Thompson and Mosley-Thompson 1995; Thompson et al. 1998; Hoffmann et al. 2003 ) and the LT sediment cores, show that the precipitation changes recorded in the LT sediments were regional in nature (also see Bradley et al. 2003; Vuille et al. 2003a; Vuille et al. 2003b ). In the Rio Desaguadero valley (the hydrologic connection between LT in the north and the Salar de Uyuni in the south) lacustrine sediments record at least four distinct wet periods of paleolake formation (Rollins 2001; Warren 2002) Uyuni and LT. The youngest of the Altiplano paleolakes, ''Coipasa'' (Sylvestre et al. 1999) , has been radiocarbon dated to between 13,400 and 11,500 cal yr BP (Servant et al. 1995; Baker et al. 2001b ). The much larger paleolake ''Tauca,'' with a maximum depth of 140 m (Bills et al. 1994) , has been dated between 25,000 and 16,000 cal yr BP (Baker et al. 2001a) . And, an older large paleolake ''Minchin'' (Servant and Fontes 1978) , which had a minimum elevation of 40 m above modern-day lake Titicaca, has been dated to 38,200 14 C yrs BP in the northern Rio Desaguadero valley (Rigsby, unpublished data) and between 36,000 and 46,000 cal yr BP (Fritz et al. 2004 ) in the Salar de Uyuni. Intervening dry episodes are recorded by fluvial sedimentation and/or erosion in the Rio Desaguadero valley (Baucom and Rigsby 1999; Rollins 2001; Warren 2002) , deposition of salt in the Salar de Uyuni (Baker et al. 2001a) , and lowered water levels in LT (Baker et al. 2001b) . Less dramatic changes in effective moisture are also recorded in many of these proxies.
As illustrated in Figure 15 , we hypothesize that aggradation and downcutting events in the Rio Ramis valley occurred in response to the regional changes in effective moisture that are recorded throughout the Altiplanochanges that resulted in precipitation-controlled base-level fluctuations. Decreases in precipitation resulted in decreased base (LT) level. Increases in precipitation resulted in increased base (LT) level and, during the major events, the formation of large lakes on the central Altiplano. Of course, as in any fluvial system, topography, runoff, and sediment supply complicate the response of the river system to large-scale changes of base-level and precipitation. The following sections describe the major events recorded by the sedimentology and geomorphology of the river valley and the relationship of those events to regional-scale climate change. Event numbers correspond to those used in Figures 12 and 15 .
Event 1
The lacustrine deposits (FA3) beneath the E terrace record the presence of an extensive lake that covered a large portion of the northern Altiplano at and before 40,170 Ϯ 430 cal yr BP-the age of lacustrine strata just below the unconformity at Ccaluyo (Table 1, Fig. 12 ). In the Ramis valley, these strata are present at a maximum elevation of 40 m above river level (in the Rio Iquilo tributary)-about 150 m above modern Lake Titicaca. The sediments are lithologically distinct from the older and tilted lake sediments of the Azangaro Formation ( Fig. 3; Newell 1946 ), which they overlie unconformably. Strata of similar age have been noted in outcrops of the northern Rio Desaguadero valley, where they crop out at an elevation of 3,865 m (Rigsby and Baucom 1998) , and along the Rio Catari (Argollo and Mourguiart 2000) . Drill cores from LT reveal that the lake was continuously deep and fresh from prior to 60,000 to about 15,000 cal yr BP (Baker, unpublished data) . The lacustrine sediments correspond to an extremely wet period, between 46,000 and 36,000 cal yr BP (Clapperton 1993; Clapperton 1997; Fritz et al. 2004) , when paleolake ''Minchin'' covered a large part of the central Bolivian Altiplano (Baker et al. 2001a) .
Apparently, at the same time that paleolake ''Minchin'' flooded the central Altiplano, LT rose at least 40 m above its modern lake-level (Baucom and Rigsby 1999) . This high lake stand found in sediments south of the modern LT now appears to have been coeval with lacustrine sediments from the Ramis valley north of LT. A rise of LT to 150 m above its present level would have resulted in a huge expansion of its total area and would have necessitated a much-higher-than-modern outlet height. The subsequent downcutting of this hypothesized outlet would have catastrophically lowered lake-level, resulting in rapid downcutting of the T5 surface.
Event 2
The lacustrine strata deposited during Event 1 were downcut and the major unconformity surface beneath the Rio Ramis fluvial strata was formed as base-level decreased, some time after 40,170 Ϯ 430 cal yr BP and prior to the start of accumulation of sediments in terrace D began sometime before 35,140 Ϯ 790 cal yr BP (Fig. 14) . Reworked fluvial sediment from terrace remnants at Iquilo A and Puyutira suggest that the downcutting began before 37,700 Ϯ 600 cal yr BP. This event documents a major drop of LT level, perhaps coincident with the desiccation of paleolake ''Minchin,'' marking a major dry episode on the Altiplano. Because the substrate consisted of fine-grained cohesive clays, a large, rapid change (spanning about 2,000 years) in base-level had the potential to propagate incision upstream throughout the entire valley (Schumm 1993) . As is common in incision triggered by base-level lowering (Schumm et al. 1987; Womack and Schumm 1977) , erosion in the Ramis valley was episodic. The rates of desiccation and subsequent downcutting are ambiguous; lakelevel fall may have been extremely rapid if controlled by erosion of the Ulloma/Callapa topographic constriction in the northern Rio Desaguadero valley (Clapperton 1993; Rigsby and Baucom 1998) .
Event 3
A large-scale and long-lasting aggradation to the D terrace level (Fig.  12 ) began sometime before 35,140 Ϯ 790 cal yr BP. Aggradation occurred as a result of high effective moisture (increased precipitation) and baselevel increase in the LT region between about 30,000 and 20,000 cal yr BP (Fig. 15) . Sediments in the Rio Ilave valley, 100 km to the south, may also have accumulated during this same aggradational event (Rigsby et al. 2003) . Because the aggradation was relatively slow, paleosols formed at Camaraja during stable periods at 35,140 Ϯ 790 and 18,497 Ϯ 549 cal yr BP. It is likely that the aggradation had ended and the valley had already begun to be formed by incision prior to 10,421 Ϯ 181 cal yr BP. In addition to base-level increase, upper reaches of the river valley also received more runoff (because of increased precipitation), which likely increased sediment delivery to the river and many others). Some of this increased sediment supply must have been the result of widespread expansion of glaciers in the higher-altitude portions of the watershed coincident with the global LGM (at around 21 ka), a period of cold and wet conditions on the Altiplano. During this period vegetation was sparse (Paduano et al. 2003) and sediment erodibility likely high. Deglaciation began in the watershed at about 20,000 cal yr BP (Seltzer et al. 2002) . As is common (Bull 1991; Schumm 1993; Vandenberghe 1995; Pratt et al. 2002; Spaliviero 2003; Skelley et al. 2003) , the increased sediment supply and the inability of the river to transport the load caused the valley to aggrade.
Event 4
LT fell below its outlet at about 11,500 yr BP (Baker et al. 2001b) , and base-level may have dropped rapidly for the next few hundred years (Fig.  15) . In the Ramis valley, several downcutting episodes occurred between 10,241 Ϯ 181 and 1,668 Ϯ 76 cal yr BP. As LT fell periodically during the early Holocene, the river valley underwent several rapid erosional events. This erosion was a response to episodic drying in the river valley, interrupted by wetter intervals when soil formation occurred. The downcutting event resulted in the formation not only of terrace C (Event 4a) and terrace B (Event 4b), but also the erosional trace beneath the terrace A depositional surface (Event 4c; Fig. 12 ).
The downcutting likely corresponded to dry periods on the Altiplano at 11,500 to 10,000 cal yr BP, 8,500 to 7,500 cal yr BP, and 7,000 to 5,000 cal yr BP (Fig. 15) . The dry periods decreased lake levels, and the river valley eroded to accommodate this base-level change. Erosion to the top of the D terrace and subsequently to the C surface may have occurred during the drop in the level of LT between 11,500 and 10,000 cal yr BP. The B surface may have formed as LT levels decreased between 8,500 and 7,500 cal yr BP (Fig. 15) . Between 7,000 and 5,000 cal yr BP, LT sediments record the lowest levels of the lake during the past 60,000 cal yr BP (Fig. 15) , as the level of LT reached about 85 m below modern (Cross et al. 2000) . This base-level fall may account for the formation of the erosion surface beneath the A terrace surface.
Most likely, each individual erosional event followed a, sometimes brief, wet period of soil formation and sediment aggradation. These wet periods are seen in the LT watershed at about 10,000 to 8,500 cal yr BP and 7,500 to 7,000 cal yr BP (Fig. 15) and are likely times of the paleosol formation near the tops of the D, C, and B terrace surfaces. The 8,339 Ϯ 50 cal yr BP paleosol at the D terrace level at Yucajache records one such wet period. The erosional terraces in the Ilave valley formed in a similar manner and display gravel lags and paleosols in terrace tops that record similar periods of equilibrium (Rigsby et al. 2003) .
Event 5
In the Ramis valley, the terrace A depositional surface suggests that baselevel rose and/or precipitation, runoff, and sediment load increased enough to allow aggradation for the past 1,457 Ϯ 112 cal yr BP. The terrace A aggradation is coincident with a phase of lake-level rise and overflow at about 2,000 cal yr BP, as noted by Baucom and Rigsby (1999) . Similar deposits are found in the Rio Ilave basin, where between 4,000 and 1,600 cal yr BP two onlapping depositional terraces formed in the valley (Rigsby et al. 2003) . The terraces in both valleys may also have been fed by agricultural runoff (and the resultant increased sediment load) as human populations rose dramatically in the LT watershed after about 4,000 cal yr BP.
DISCUSSION
The sedimentology and geomorphology in the Rio Ramis valley were controlled dominantly by base-level changes of LT, which are attributed to climatic episodes recorded throughout the LT basin. Although it is typically difficult to correlate terrace development with climate change (Bull 1991; Schumm 1993; Ritter et al. 1995) , reliable paleoclimate records and good dating can make the task easier. The terraces and sediments of the Rio Ramis are traceable throughout the valley, and radiocarbon dates generally substantiate the hypothesized correlation between fluvial history and baselevel change (Fig. 15) . Differences in terrace height and extent, as well as variations in the depositional environment of the terraced sediment, seem to have been caused by smaller-scale variations that resulted from local topographic or lithologic controls.
Transitions in river systems are often caused by addition of sediment supply or changes in channel stream gradient and are commonly associated with topographic influence or areas of river confluences (Freeman 2000) . In the Ramis valley, differences in both river planform and lateral distribution of facies associations are highly dependent on the location of the bedrock constrictions. For example, the abundant gravel in facies associations near the Ramis constrictions is likely the result of increased supply of coarse sediment from the Devonian topographic highs. Because the addition of coarse material often causes a river to transition from meandering to braided (Smith and Smith 1984) , the coarse multi-channel environments seen in the constricted regions are not unexpected. Changes in channel planform can also be the result of changes in gradient (Smith and Smith 1984; Simpson and Smith 2001) . In the Ramis valley, changes in gradient are coincident with bedrock constrictions (Fig. 3) . Coarser-grained braidedriver sediments are present near the constrictions where gradients are high-SEDIMENTOLOGY AND GEOMORPHOLOGY OF THE RIO RAMIS VALLEY, PERU er; finer-grained meandering-river sediments are more common away from the constrictions where gradients are more gentle (Fig 3) .
Terraces form during periods of aggradation or incision. Terrace aggradation occurs as a result of inhibited bedload transport (Bull 1991) . In the sparsely vegetated Ramis valley, periods of increased precipitation allow increased erosion of adjacent hillslopes and deposition in the river valley. Rising base-level (a result of increased regional precipitation) also enhances the likelihood of aggradation. Conversely, downcutting generally occurs as sediment supply to the river declines and precipitation or base-level, or both, decrease. The fact that the fluvial terraces are traceable throughout the Ramis valley, except in areas of bedrock constriction, suggests that similar conditions were occurring throughout the watershed at the time of terrace formation.
LT (base) levels fluctuate with changes of effective moisture, driven largely by changes in precipitation and temperature. Periods of lacustrine sedimentation and fluvial aggradation or incision relate directly to changing lake phases. The lacustrine phase at around 40,000 cal yr BP and the aggradational period between about 35,140 Ϯ 790 and 10,421 Ϯ 181 cal yr BP in the Ramis correspond to the ''Minchin'' and ''Tauca'' lacustrine phases. The downcutting event to form C and B terraces between about 10,421 Ϯ 181 and 1,668 Ϯ 76 cal yr BP occurred as a result of episodic drying of the LT watershed. In the last 2,000 years, the terrace A surface aggraded in response to LT rise and, possibly, human land-use practices. In the Ramis valley, aggradation caused by precipitation-forced base-level change occurs slowly whereas incision occurs fairly rapidly.
The Ramis valley fluvial landscapes are similar to those reported from the Ilave valley (Rigsby et al. 2003) . Both valleys contain thick sedimentary sequences that resulted from aggradation starting before the LGM cold and wet conditions and extending to 8,250 cal yr BP in the Ilave valley. Also similar to the Ramis, erosional terraces formed in the Ilave valley by episodic downcutting between 6,000 and 4,500 cal yr BP, and low inset terraces formed within the last 4,000 years. Interestingly, the Ramis valley contains only one inset terrace (A), whereas the Ilave contains two (one formed between approximately 4,000 to 2,500 cal yr BP, another formed between approximately 2,200 and 1,600 cal yr BP). This difference may result from differences in topography and lithology (specifically, the abundance of easily eroded and transported pyroclastic sediment in the Ilave watershed may have allowed the aggradation of its two late Holocene depositional terraces between the two river valleys) or from differences in the occupation (agricultural) history of the two river valleys.
The fact that the Ramis and Ilave valleys record similar responses suggests that changes in regional climate (effective moisture) and base-level were the dominant controls on both fluvial landscapes. During periods of high or rising base-level, the Rios Ramis and Ilave aggraded. Aggradation during these periods was generally slow, as is common in arid regions with abundant sediment supply (Bull 1991) , allowing the buildup of thick sedimentary sequences and the formation of fill terraces in the river valleys. Downcutting in response to base-level change commonly occurs in a rapid, episodic manner (Schumm et al. 1987; Womack and Schumm 1977) . The downcutting in the Ramis valley shows such a response and forms fill-cut terraces in rapid and episodic pulses that correspond to periods of falling lake-level.
SUMMARY
Three main facies associations exist in the Rio Ramis valley: braided, meandering and lacustrine. Braided-river sediments are commonly present near bedrock constrictions, whereas meandering-river sediments are most common in the longer, unencumbered reaches.
There are five terrace tracts in the valley. The terrace E surface is underlain by lacustrine strata deposited in an ϳ 40,000 cal yr BP paleolake. The terrace D depositional surface was deposited between 35,140 Ϯ 790 and 10,421 Ϯ 181 cal yr BP and is separated from these lacustrine strata by a high-relief erosional unconformity. The terrace C and B surfaces are erosional terraces that formed during two pulses of erosion between 10,241 Ϯ and 1,668 Ϯ 76 cal yr BP. Terrace A is the modern fill terrace that formed from aggradation beginning before 1,668 Ϯ 76 cal yr BP to present. The terraces are traceable throughout the river valley, but they increase in height (and the terraced sediments increase in grain size) upstream of bedrock constrictions.
Periods of aggradation and downcutting in the Ramis valley (and in other river valleys in the LT region) correspond to changes in base-level. When LT was high or rising, the rivers in its watershed aggraded; when LT was low or falling, the rivers in its watershed incised. Inasmuch as these stages of LT have been related to multi-centennial to orbital scale changes in precipitation and near-global-scale climate forcings, the fluvial systems of the LT watershed are themselves hypothesized to have a coherent response to the same large-scale climate forcing.
